caused by this mortality and the propensity for older birds to deposit more fat.
Growing broilers to 70 or 84 days is a challenge to nutritionists, veterinarians, and farm managers. From a nutritional viewpoint, it seems advantageous to use feed programs that involve low nutrient dense diets [3, 4, 5] . Both low protein/amino acid and low energy content diets slow down early growth rate and, while growth compensation may not be 100% complete, there is reduction in mortality and feed cost per kg gain. Broiler chickens receive pelleted diets in order to increase growth rate. Any nutritional strategy aimed at slowing down growth for heavy broilers may therefore see improvement from using mash diets. Proudfoot and Hulan [6] indicated dramatic reduction in SDS mortality of roasters by feeding mash, rather than pellets while Nir etal. [7] correlated growth rate of broilers with pellet integrity There is relatively little information available on feeding programs for growing modern strains of broiler males to 70 days where body weights in excess of 4 kg are expected. Waldroup et al. [8] suggests that we need to reevaluate nutrient needs of birds grown to 63 days where live weights of around 3.6 kg are not always optimized by high nutrient dense diets. These two studies investigated growth, mortality, and feed costs of male broilers grown to 70 days and fed diets of variable nutrient density as either pellets or mash.
(quality).
MATERIALS AND METHODS

EXPERIMENT 1
A total of 720 day-old Hubbard Hi-Y male broiler chicks were obtained from a commercial hatchery. These were group weighed, wing banded, and allocated at random to litter floor pens measuring 2.44 x 1.83 m. Thirty birds were placed in each pen where temperature was maintained at 32°C for 5 days and reduced according to normal brooding practice. Lighting was at 80 lux for 23 hr/day. Diet composition appears in Table 1, while feeding schedule appears in  Table 2 . All diets were crumbled or pelleted depending on bud age. Six treatments were produced by using five different diets to give the feeding schedule as described in Table 2 .
Each treatment was represented by four replicated pens of broiler chicks with equal representation of replicates in identically adjacent rooms. In Treatment 1, protein and amino acid levels declined over time and energy level increased in the finisher period accordmg to normal industry standards. Diet changes occurred for Treatment 1 at 21 and 49 days (Table 3) . Treatment 2 contained the same Treatment 1 starter diet to 21 days, but at 21 and 49 days diets changed to the same protein levels as Treatment 1 with decreasing levels of energy in grower and finisher (Table 2) . Treatment 3 contained the same starter diet to 21 days as in Treatments 1 and 2 and in this treatment "grower diet" was fed in the grower and frnisher period and hence the same protein and energy levels were maintained to the end of the trial (Table 2) . Treatment 4 consisted of only one diet fed from 0 to 70 days; this was the same starter diet used to feed birds in Treatments 1, 2, and 3. Treatment 5 also consisted of a single diet with protein level at 18% and energy level at 2900 k&g ME from 0 to 70 days. Treatment 6 was a single-stage low nutrient dense diet (Table 2) . A l l birds were weighed individually at 21,49, and 70 days of age with feed intake also recorded at these times. On Day 70, eight birds per pen were randomly selected for processing at the University plant. The abdominal fat pad was dissected and weighed [9] and then carcasses were water chilled at 4°C overnight. Carcasses were weighed and the total breast consisting of the pectoralis and supracoracoideus muscles dissected and weighed.
EXPERIMENT 2
In this experiment, 720 Hubbard Hi-Y male broiler chicks were obtained from a commercial hatchery. Day-old chicks were group weighed, wing-banded, and randomly allocated to litter floor pens measuring 2.44 x 1.83 m located in one of two identical rooms providing environmental control. Thirty chicks were placed in each pen where temperature was maintained at 32°C for 5 days and subsequently reduced commensurate with normal brooding practices. Lighting was at 80 l w of 23 hr/day. Diet composition and feeding schedule appear in Tables 1 and 2 , respectively. Six treatments were produced by using three feeding schedules offering these diets as either mash (Treatments 1-3) or pellets (Treatments [4] [5] [6] . Each treatment was represented by four replicated pens of broilers, with two replicates in each of the adjacent rooms. Treatments 1 and 4 were considered a control, where protein and amino acid levels declined over time and energy level increased in the finisher period (Table 2 ). Diet changes occurred at 21 and 49 days ( Table 2 ). For Treatments 2 and 5, buds were offered a low proteidamino acid and low energy content after the initial 21-day starter period. In Treatments 3 and 6, a low nutrient dense diet was fed as a smglestage diet from 0 to 70 days. For Treatment 4, the 0-21 day starter diet was fed as crumbles, rather than pellets. All birds were weighed individually at 21, 49, and 70 days of age. Feed intake was recorded on a pen basis from 0 to 21 days, 21 to 49 days, and 49 to 70 days of age. All dead birds were submitted for post-mortem examination. On Day 70, eight birds per pen were randomly selected for processing at the University's plant with procedures as described in Experiment 1.
STATISTICAL ANALYSIS Experiment 1. The experiment was a completely randomized design, and a pen of 30 birds was the experimental unit. Data both collected and calculated were subjected to an analysis of variance procedure for the six treatment groups considered. Means of response variables resulting in a significant F test were further considered using Tikey's test. Signrficance was accepted at P < .05. The response variables considered for live buds were body weight, body weight gain, feed intake, and feed intake:body weight gain. From processing, the response variables, car- MSS weight, abdominal fat pad weight, and breast meat yield were analyzed along with the calculated values of abdominal fat pad as a percent of carcass weight and breast meat. Protein and energy intake between 0 and 70 days were also analyzed.
Experiment 2. The experiment was a completely randomized design, and the experimental unit was a pen of 30 birds. Data both collected and calculated were subjected to an analysis of variance procedure, and orthogonal contrasts were constructed to compare the data of Treatment 1 vs. 4,2 vs. 5, and 3 vs. 6 involving mash and pellets for the same diet feeding regimens. Treatment 1 vs. 3 and 4 vs. 6 compared mash and pelleted diets, respectively for a control versus a low nutrient density diet. Means of these treatments were compared using LS means. Significance was accepted at P < .05. For live birds, the response variables considered were body weight, body weight gain, feed intake and feed intake:body weight gain. From processing, the response variables, carcass weight, abdominal fat pad weight, and breast meat yield and the calculated values of abdominal fat pad as a percent of carcass weight and breast meat were analyzed. Protein and energy intake between 0 and 70 days were also analyzed.
RESULTS AND DISCUSSION
EXPERIMENT 1
By 21 days of age, birds fed the 18 and 16% CP starter diets were smaller (P<.Ol) than those fed 20% CP (Table 3) . Mortality was reasonably high, although not affected by diet treatment, and in most cases resulted from SDS or ascites. The broilers fed the single-stage 16% CP diets generally ate less feed than did birds from most other treatments ( Table 4 ). The combination of low nutrient density and low feed intake for the Treatment 6 birds resulted in reduced protein and energy intake (P< .Ol) compared to all other treatment groups ( Table 4) .
Broilers fed the 16% CP, 2800 kcal MEkg starter diet had an obviously poorer feed efficiency in the starter period (P < .01, Table 5 ). However, after this time, feed efficiency for this group normalized and these birds had the numerically lowest efficiency in the 49 to 70 day finisher period. Over the entire 0 to 70 day period, broilers from the control Treatment 1 had improved feed efficiency relative to birds from Treatments 2 and 3 (P c .01, Table 5 ). Carcass weight was reduced for birds from Treatment 6 (P < .01, Table 6 ) and this smaller carcass had less abdominal fat and less breast meat. Protein efficiency was optimal for birds fed Treatment 1 diets, as well as the low nutrientdense Treatment 5 and 6 series (P<.Ol, Table 5 ). Energy efficiency and feed cost/kg live weight were also optimized with the lowest nutrient-dense diets (Table 5 , P < .05).
EXPERIMENT 2
Body weight and body weight gain data appear in Table 7 . The most obvious treatment effect is heavier birds resulting from pelleted rather than mash feed (P < .01). Within the mash-fed treatments, birds fed the control diet were consistently heavier than those fed the low-nutrient dense diet throughout (Treatment 1 vs. 3, Table 7 ). This same situation was seen with the birds fed pellets up to 21 days, although diet had no effect after this time. Up to 49 days of age, the differences in weight gain generally mirrored those previously described for body weight (Table 7) . However, between 49 and 70 days of age, neither feed texture nor diet nutrient density affected growth because all birds exhibited comparable weight gain of around 1350 g during this period (P > .05). When expressed over the entire 0 to 70 day grow-out period, heavier birds were seen in the pelleted vs. mash groups, while nutrient density influenced overall growth only for the mash-fed birds. There were major differences in mortality ( Table 7) . Regardless of diet nutrient profile, there was lower mortality (P< .Ol) in buds fed mash. Within each feed texture series, diet nutrient density had no effect on mortality (P > .05).
Broilers fed pelleted feed most often ate more than did mash-fed birds (P < .01, Table 8 ), the exception being for the control diet from 49 to 70 days. Within each feed texture series, diet nutrient density had no effect on feed intake (P > .05, Table 8 ). In the starter period to 21 days, feeding pellets resulted in improved feed efficiency (P< .OS), although no such effects were seen in the 21 to 49 day grower period. The low nutrient dense starter also resulted in reduced feed efficiency compared to control-fed birds, regardless of feed texture. There was improved feed efficiency for birds fed mash vs. pellets in the 49 to 70 day period. Because there was very high mortality in certain treatments (Table 7) , it was decided to present 0 to 70 day feed efficiency unadjusted for mortality (final column, Table 8 ) as well as the more usual method of accounting for feed consumed before death and adjusting bird numbers accordingly (Table 8) . With data adjusted for mortality, the birds fed the control diet had better feed efficiency when fed mash rather than pellets (P < .05, Table 8 ). The converse was true with the other diet treatments where birds fed pellets had better feed efficiency. When data are unadjusted for mortality (commercial conditions) then regardless of diet, birds fed mash always had better feed efficiency (P < .05, Table 8 ). Table 9 shows nutrient intake and nutrient utilization expressed over the entire 0 to 70 day grow-out period. Broilers fed mash, rather than pellets, consumed less protein and energy per bird (Pc .Ol). However, this result is most likely a reflection of the mash-fed birds being smaller, because protein and energy intake per kg live weight gain did not differ (P > .OS). In fact, energy efficiency per unit of gain was unaffected by either diet texture or nutrient density (P > .05, Table 9 ). Regardless of diet texture, birds fed the single-stage low nutrient dense diet utilized protein less efficiently for weight gain than did the control-fed birds.
Carcass weight at 70 days was consistently smaller for broilers fed mash ( P < .01, Table 10 ). For birds receiving mash, carcass weight was less for those fed the low nutrient dense diet compared to the control diet. Broilers fed mash had less abdominal fat, when expressed as absolute weight or as a proportion of carcass weight (Pc .01). Feeding the low nutrient dense diet, regardless of diet texture, also resulted in less abdominal fat (Table 10 ). Breast meat yield was less in mashfed birds, although, when breast meat yield is expressed as a proportion of carcass weight, such differences are seen onlywith the lower nutrient dense diets (Treatment 2 vs. 5, Treatment 3 vs. 6).
The underlying theme of results from the two experiments is that heavy broilers do not have to be fed high nutrient dense diets at any time during grow-out. These data generally confirm the findings of Hulan and Proudfoot [3] , who showed that roaster birds to 70 days of age could most efficiently be fed on 16% CP starter, 20% CP grower, and 16% CP finisher Data from Experiment 1 show that low proteaenergy starter diets do cause reduced early growth rate, but with the prolonged grow-out of these heavy birds, there is subsequent growth compensation. During the critical 21 to 49 day period, 18% CP and 2900 kcal MEkg seems adequate for optimal growth, regardless of prior nutrition. In the 50 to 70 day finisher period used here, 17% CP and 2800 kcal MEkg seems adequate in terms of simple growth rate and nutrient utilization. The single-stage low nutrient dense diet containing just 16% CP and 2800 kcal MEkg was surprisingly efficient in terms of growth rate and both protein and energy utilization, and feed ingredient cost favored this treatment by up to l l e k g Live weight, compared to control birds. However, the major aim of heavy broiler production is meat yield for further processing, and here the very low nutrient dense diets resulted in a real loss of breast meat yield. It is tempting to speculate that such loss in breast yield resulted from reduced intake of amino acids, and especially that of lysine. However, Bilgdi et al. [12] show little meaningful response of breast yield to supplemental lysine given to 42 to 53 day old broilers. If lysine and other amino acids are a factor in this reduced breast yield, their absence may relate to deficiencies occurring in the starter or more likely the extended grower period of 21 to 49 days used here. Where breast meat yield is of economic importance, the single-stage diet of 18% CP and 2900 kcal MEkg (Treatment 5, Experiment 1) seems most attractive.
In Experiment 2 there was a major difference in growth rate and mortality of broilers fed mash vs. pellets regardless of nutrient composition. The higher nutrient dense control mash diets resulted in an 8% reduction in growth rate, while for the lower nutrient dense diets growth reduction was some 15%. Using mash diets, therefore, seems additive to the growth depression caused by lower nutrient dense diets. Proudfoot and Hulan [6] recorded a threefold increase in SDS mortality of roosters using pellets vs. mash, while Proudfoot et al. [13] observed a 50% increase in mortality of buds fed pellets vs. mash. It is tempting to speculate that the lower mortality seen with mash-fed buds is simply a result of reduced growth rate. However, another feature of mash-fed birds is that they are more active, spending more time in moving around the house and feeding [q. Such increased activity, associated with intermittent periods of rest, has been suggested as the reason for reduced mortality seen with stepdown, step-up lighting programs commonly used today. On the contrary, increased activity of feeding is expected to reduce net energy available for production [7l, although this aspect did not appear at the practical level in terms of feed or energy efficiency. Mash feeding seems to resolve the major problem of high mortality so often seen with male broilers after 49 days of age. Mash diets per se have the disadvantage of less microbial control of feed quality, and where this is an issue, it may be interesting to pursue the use of expanded reground feed.
Confirming our previous studies with younger broilers [14, 151, these two studies show that the heavy broiler is adaptable to a vast range of diet specifications. There seems little advantage in using high nutrient dense (conventional) starter diets. Growth can be tempered to suit overall objectives by manipulating crude proteidamino acids and, perhaps more importantly, diet energy level. Mash feeding throughout or for part of the grow-out time seems feasible. It will be interesting to try some of these low nutrient dense treatments as mash or pellets in combination with reduced light schedules commonly used today.
CONCLUSIONS AND APPLICATIONS
1. Broiler males can be grown to 70 days of age using a vast range of diet nutrient specifications. 2. Heavy broilers can most efficiently be grown on a single-stage program involving a diet with 18% CP and 2900 kcal MEkg. Using lower nutrient density results in reduced breast meat yield.
